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AGENDA

« AECOM introduction

» Bridging the gap exploration vs design/build
* Instrumentation & Monitoring

» Transferable experiences for structures

* Relevant cold regions experience

* Next steps and integration with other teams

@ aecom.com
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Turrnerllng and underground space
design
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AN EXCITING FUTURE FOR MOON BUILDERS...

Credits: ICON & NASA Project Olympus



...AND MOON TUNNELER
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BRIDGING
* Dust collection
» Deep coring

THE GAP  Retrgarad®B

* Limiting ,,
disturbance ikl
« Quantities :

* Site test
» Laboratory

* Rock mass behaviour
* Ground properties

» Sequential

.. Excavation
Designing Method

* TBM use

Building

6 ' aecom.com



L_EVERAGING ON OUR EXPERIENCE ON EARTH

Credits: Josh
Schertz, 2019

Credits: M2P

Building




LEVERAGING ON OUR EXEERIENCEQONEARH

Credits: Purdue University / JESE ,
courtesy of David Blair _dg— T - Horizontal
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Target landing location acqu%(f

e

??\
Computing thrust vector update f

Computing trajectory update

89°Sl. 0"S,0°0°0"€E

Commanding thrusters

Transmitting telemetries

INSTRUMENTA
& *"’ ING

Updating position
Updating velocity

ctor

elemetries
@ aecom.com



UNCERTAINTY AND LACK
CONCERNING TO THE

How to characterize the surface an

situ conditions?

* Via naturally available acce

exposures/outcrops, caves
> (faults/ ), nontectonic dri
'\  tubes, underground v
; *f atures);

E gmeered: bo
exceg;gtion/d' C
Geophysic
electro-resi
Geochemmal
composition - e e . B
Geo-mapping S 22 00 g 2 T ficton an
Rock Mass classificatit Q-s =

Remote sensing, LIDAR,



ASSUMING WE CAN APPLYTHE SAME METHODS
WHAT ARE THE INPUTS NEEDED?

and site
reconnaissance

PRELIMINARY
STUDIES

Seismic profiles

Intact Rock
G/Point Load

Geotechnical characterization of lunar soils usually has been presented in smisare. |

terms of shear strength, shear modulus, density, and void ratio. However, no

PRE- AND DETAILED INVESTIGATIONS

data set has been collected for the rocks and rock masses. e
Various lunar soils simulants have been developed for Earth based lunar soll weapaogron |
studies, however, most were made from exotic materials using complex s

Joint orientation

Tunnel orientation

procedures.

There are no validations for international standardized tests such as ASTM or
ISRM rock testing suggestions.

Most of the lab tests were performed in basalt fragments and basalt clasts

CSl = Complementary Site Investigations

In situ principal
stresses

(in Swedish: /PLU = Inledande platsundersokning;

from Apollo 16 breccia. KPU = Komplterande patsundersoknng)
No representative geotechnical rock parameters.

» Review and adapt the Rock Mass Classifications such as the Rock Mass
Rating (RMR), Q-system, Geological Strength Index (GSI) and others rela
to soil mechanics. e | e o]
> Most of the researches have used GSI for rock mechanics SRR(IE:
assumptions which can not be used for detail design levels.

P
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REMOTE SENSING INTERFEROMETRIC SAR = InSAR

2
T & /‘\) T |
e, 4.
1% pass: e B % |
Measures reference phase (@ ) 1" pass d‘s-‘»‘;;. |
for each pixel for time ( /; ) &2 B 7:;7—*\ y

He]s Lq‘]hdbL(O )or & & =
each pixel time (7, ) B . Features
iiiﬁﬁ e .
: « Ground movement ranging from
millimeters to meters
« All craters' assets can be monitored
for ground deformation without the
installation of any in-situ equipment
’ * Anindividual SAR interferogram
e laratics (91 -65) _ g SR - ] measures deformation in one
. AP = 2 - - _ ixel moves half . . . . .
il i) ¥? < o s wavelengths between dimension, in the radar line-of-sight
me interva 1 . - : s 5 nd 2 . .
‘ 5.1”,31;“;,%8 * Quantitative measurement of the
surface deformations induced by a

variety of natural processes.

o - Itis an intrusive investigation.
« Can be combined with GPS/levelling
measurements

Phase shift

One radar wavelength represented
by phase (@) in radians

E)\ aecom.com



REMOTE SENSING INTERFEROMETRIC SAR - InSAR
Applications

Slope Stability
Detects slope movements (mm-
sensitivity)

* Improve risk awareness and
provide early warning of
impeding slope failures

Rapld Motion Tracking
To measure both slope and rapid surface
displacement and capture the ground
movement in the Lunar surface, craters’
slopes, lava tubes skylights.

Limitations

Measuring ground displacement with
INSAR is a precise and efficient way to
remotely monitor a large area, such as a
mine site. INSAR data does have some
limitations due to the nature of the data
acquisition. Satellite data acquisitions are
made, ideally, from a pair (ascending and
descending) of orbits. Some locations may
only have a single orbit available.
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Geologlcal Mapping

Structural geology
Stratigraphy
Geomorphology
Balanced cross-section
Water bodies

Hazard and terrain type
Change detection
Vertical and Horizontal
deformations

6“ aecom.com



SATELLITE BASED TELEMETRY SYSTEM FOR InSAR
MONITORING

Movement Trends ldentified Over Waste

Dumps Areas
Mining & INSAR Data Complements:

AOSK3 - deformation rate: -52,89 - deformation rate standard deviation: 1,41 -

« Ground radars

* Prisms

* Piezometers

« Extracting detailed information about
individual measurement points

* Use of cloud computing for processing
abilities

* New researches with on Al methods

» Historical data immediately available

* Millimeter accuracy

« Can cover very large areas (1-10,000 km?)

« Spatial resolution in the region from 3m up to
15m

« Anew image is captured every 8-11 days

E)\ aecom.com



GROUND-BASED OPTIONS FOR SLORENVIGINIOIRING
(TO BE RE-ENGINEERED FOR THENNGGONSCONDRNONS)

Full 3D SAR Radar SAR Radar — StaticvApphications Underground Applications

FEATURES

FEATURES

SYSTEM SPECIFICATIONS

SPATIAL RESOLUTION®

ACCURACY

OPERATING RANGE®

SCAN TIME SLS Provides
130t lift capability via
POWER CONMSUMPTION advanced boosters

10-meter fairings for
primary payloads

SLS Block 2
As Early As 2028

Credits: RUAG Space
USA/Google
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AUTOMATED MOTORIZED ROBOTIC TOTAL STATIONS
(TO BE DESIGNED FOR THE MOON CONDITIONS)

E)\ aecom.com



AECOM UNMANNED AERIAL SYSTEM (AECOM UAS GROUP)

IMAGE RESOLUTION COMPARISON - SATELLITE VS UAV

- - * FROM STANDARD 60 METER ALTITUDE. UAV RESOLUTION CAN OFTEN BE INCREASED BY FLYING LOWER (TAKES LONGER)
GPS/IMU

module

Unmanned aerial
A i 2020 UAV ORTHOPHOTO CURRENT BING IMAGE 2015 GOOGLE EARTH CURRENT WORLD IMAGE
~35 ACRES / 25 MINUTES" C3D GEOLOCATION BEST FIT FOR DESIGN ESRI ArcGIS GEOLOCATION

Ground cont
system

Battery

Develop innovative "
solutions by mtegratmg |
UAS into your busmes ‘

Drones should be driven by jets of oxygen

or water vapor to move around E)\ aecom.com
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Source: NASA

LAUNCH & LANDING PAD

Kennedy Space Center/Cape Canaveral
Space Force Station: 19, 20, 36, 39A,
40, 41, & 46

Explosive Siting
Launch Mount
Propellants Storage
Control Center

*. Launch Vehicle Acce

*_Structures (crew

Utilities (Com
propeliants)
SuppOrt?n
lightning, \u
Flame Deﬂect
Payload Process
Crew Access/emer 2
Access Roads

- Storm water/deluge R :
PR Space Florida Complex 46 @ aecom.com




LANDING PAD

Land vs. Water Barge Landing
Typically separate from launch pad and/
safe distance away from launch pad/c
facilities

* Explosive Siting

« Utilities (Comm, water, and pa

A Fire retardant concrete
- » 4 Access roads
. \.\'\’\qusters only vs. cre

":.;\_ AQ}
"% = -
N R s
on Lar / Drone
;:,43' (Source
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S .
\4 \ Protection from natural e

EARTH VS. LUNAR GROULR

Type of launch vehicles/spacecrafts

» Concept of Operations
* Launch/landing mishap
« Hard vs. Soft Landing o
« Turn around time/delays be ‘whe _’ ted to radiation.

« Materials vs. constructability sition t ture of many if

- Existing geotechnical paran on Earth is

, (n/n __Cﬁrfﬁ/ date'snes'lncludlng

onnectivity of Launch
f 1. This would make the

| tles (undergro
. Prope ant storage

- Utilities: n-- yelements,

\% There is little experience on how
. Concrete/reinf e _,ge’d ynthetlcs fare in a hard vacuum and
« Asphalt neea‘an » | e spond to the relatively more abrasive
. Admlxture to stren - 5 regoIFth

* Bury | utilities vs plpé/c
e Drill shafts or piles for ve
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RELEVANT COLD
SREGIONS
EXPERIENCE
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Halley Station Awarded O

;‘ Halley VI Research Station D-B,
- procurement, logistics and site

.\9 Providing Medium-Term Human

construction for groundbreaking re-
locatable structure

' Habitat in challenging conditions
W’l‘ Movable Station unique in its kind

?,‘ Allowing research programs to be

' run compatible with cold weather
|

Halley VI Research Station

A
Key Features
. f
" Highly adaptable science laboratories and
stlmulatlng areas for relaxation and
recreation (medium-term base)
W . Self-sufficiency heat and power, water
pr=r produ;ctlon and waste treatment facilities
. H|ghly resilient services using 'plug and
play' technology
. Halley VI is the first ever relocatable
x - modular research station, providing the

| s be ' |c‘vV6fk’ing and living quarters.
wards 2014 _ p—
b ¥
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NEXT STEPS AND
INTEGRATION

& e
\-Q:J;HER TEA arth 4é"nd Space Labs
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;--_'-,OI and accordingly design life
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